A convenient one-pot synthesis of novel tetraamides via 2-cyclopentylidenemalonic acid based Ugi-four component reaction  by Mokhtari, Tayebeh Sattaei et al.
Journal of Saudi Chemical Society (2015) xxx, xxx–xxxKing Saud University
Journal of Saudi Chemical Society
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLEA convenient one-pot synthesis of novel tetraamides
via 2-cyclopentylidenemalonic acid based Ugi-four
component reaction* Corresponding author. Tel.: +98 34 33201357; fax: +98 341
3211405.
E-mail address: sheikhhosseiny@gmail.com (E. Sheikhhosseini).
Peer review under responsibility of King Saud University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.jscs.2015.07.008
1319-6103 ª 2015 King Saud University. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Please cite this article in press as: T.S. Mokhtari et al., A convenient one-pot synthesis of novel tetraamides via 2-cyclopentylidenemalonic acid based Ugi-fo
ponent reaction, Journal of Saudi Chemical Society (2015), http://dx.doi.org/10.1016/j.jscs.2015.07.008Tayebeh Sattaei Mokhtari a, Enayatollah Sheikhhosseini b,*,
Mohammad Ali Amrollahi a, Hassan Sheibani ca Department of Chemistry, College of Science, Yazd University, P.O. Box 89195-741, Yazd, Iran
b Department of Chemistry, Kerman Branch, Islamic Azad University, Kerman, Iran
c Department of Chemistry, Shahid Bahonar University of Kerman, Kerman 76169, IranReceived 29 April 2015; revised 11 July 2015; accepted 18 July 2015KEYWORDS
Ugi reaction;
Multi component reactions
(MCRs);
2-Cyclopentylidenemalonic
acid;
TetraamidesAbstract A mild and efﬁcient Ugi four component condensation reaction was developed
among aromatic aldehydes, aromatic amines, isocyanides and 2-cyclopentylidenemalonic acid to
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N1,N3-diphenylmalonamide derivatives. These one-pot reactions led to the construction of four
amide groups with easy recovery of the desired products.
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The molecules which involved multifunctional groups can be
achieved in a multi-step fashion or it can be done in a one-
pot reaction of three or more starting materials which are well
known as the multi component reactions (MCRs). An amide
functional group is a common feature in small and complex
synthetic or natural molecules. Polyamide compounds areengineering polymers which are applied in several industrial
ﬁelds such as automotive, packaging and electronic, due to
their excellent performance related to high temperature and
chemical resistance, toughness, and easy process ability [1].
In addition amides play a crucial role in virtually all biological
processes such as enzymatic catalysis, transport/storage
(hemoglobin), immune protection (antibodies) and mechanical
support (collagen) and comprehensive medicinal chemistry
database has revealed that the carboxamide group appears in
more than 25% of known drugs. The carboxamides are neutral
and stable compounds which contain both hydrogen-bond
accepting and donating properties [2]. Recently some chiral
amides have been developed as an efﬁcient Lewis basic
organocatalysts in asymmetric organic reactions. The molecu-
lar structures of these catalysts contain two closely positioned
amides of which the two identical diamide units could either
function cooperatively or separately and thus endow theur com-
2 T.S. Mokhtari et al.resulting tetraamide catalysts with different reactivates and
enantioselectivities compared with the diamide catalysts. The
tetraamides A and B were introduced as effective Lewis basic
catalysts for the asymmetric hydrosilylation of ketimines by
Wang et al. [3].
The general synthetic method for obtaining amide is the substi-
tution reaction between carboxylic acid and amine, which gen-
erally requires a high temperature [4,5]. On the other hand, the
formation of carboxamides from carboxylic acids requires to
employ the activated derivatives of the carboxylic acid, which
can be achieved by conversion of the carboxyl group to a more
reactive functional group such as acyl halide, mixed anhydride,
acyl azide, active ester or in situ activation by coupling
reagents such as N,N-dicyclohexylcarbodiimide (DCC) [6,7].
There are many reports in the literature which described the
preparation of amides and have been known by name of reac-
tions such as Beckmann [8], Ritter [9,10], Schmidt [11] and Ugi
reaction [12–14]. The Ugi reaction has the ability to perform
tandem reactions to construct complex heterocyclic scaffolds
such as amides, b-lactam antibodies and related compounds
[15,16], benzodiazepines [17], tetrazoles [18], diketopiperazines
[19] and a-aminobutyrolactones [20] in a single stage reaction
with good yields.
The Ugi strategy offers important advantages over classical
stepwise approaches and designs several bonds and construc-
tion of complex molecular architectures from simple precursors
in a one-pot reaction without any need for isolating intermedi-
ates [21–24]. The most important part of Ugi reaction is carried
out through the reaction of an amine, carbonyl compound, car-
boxylic acid, and isocyanide, which has generated a much inter-
esting product with potential and capacity to generate highly
diverse products of biological andmedicinal relevance; i.e. hete-
rocycles and compounds with peptide like moieties [25]. In con-
tinuing our interest in the synthesis of coumarine-3-
carboxamide derivatives by Ugi reaction [26,27], now we wish
to report a one-pot synthesis of amide derivatives with four
functional groups in the Ugi reaction of aromatic aldehydes,
aromatic amines, isocyanides and 2-cyclopentylidenemalonic
acid under ambient conditions.2. Experimental
Melting points were measured on an Electrothermal
Engineering Ltd. apparatus and are uncorrected. IR spectra
were measured on a Mattson 1000 FT-IR spectrometer. The
1H and 13C NMR spectra were recorded in DMSO-d6 and
CDCl3 as a solvent at 400 and 100 MHz, respectively on a
BRUKER DRX-400 AVANCE spectrometer using TMS as
an internal standard. Mass spectra were recorded on an
Agilent Technologies (HP) 5973 mass spectrometer operating
at an ionization potential of 70 eV (EI).Please cite this article in press as: T.S. Mokhtari et al., A convenient one-pot synthes
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Cyclopentylidene Meldrum’s acid 3 with ten times its weight of
concentrated sulfuric acid is stirred for 3 h at room tempera-
ture. The reaction mixture is poured over ice, then saturated
with sodium chloride, extracted into diethyl ether and dried.
2.2. General procedure for compounds 8a–h
A mixture of isocyanide (2 mmol) in 2 ml methanol was added
to a stirring solution of an aldehyde (2 mmol), an amine
(2 mmol) and 2-cyclopentylidenemalonic acid (1 mmol) in
10 ml methanol and the stirring was continued for an addi-
tional 24 h. After the completion of the reaction, as indicated
by TLC, the precipitate was ﬁltrated and washed with
water/ethanol mixture (2:1). Pure product was obtained.
2.2.1. N1,N3-bis((cyclohexylcarbamoyl)(4-
methoxyphenyl)methyl)-2-cyclopentylidene-N1,N3-
diphenylmalonamide (8a)
Yield: 69%. M.p. = 243–245 C. IR (KBr, cm1): 3390, 1682,
1644 cm1. 1H NMR (400 MHz, CDCl3): d= 1.24–2.31 (m,
28H, 14CH2), 3.74 (m, 2H, CH–NH), 3.79 (s, 6H, 2OMe),
5.67 (s, 2H, CH–N), 6.70 (d, 4H, J= 8.6 Hz, H–Ar),
6.92–7.02 (m, 6H, H–Ar, NH), 7.17–7.22 (m, 10H, H–Ar).
13C NMR (100 MHz, CDCl3): d= 168.9, 159.5, 138.6, 132.0,
131.1, 127.9, 127.7, 126.7, 113.4, 64.0, 55.2, 48.6, 33.3, 32.8,
25.8, 25.5, 24.9. MS: m/z (%) = 712 (2), 685 (6), 587 (4), 473
(6), 374 (93), 354 (24), 337 (50), 318 (6), 279 (8), 246 (81),
212 (100), 168 (18), 148 (14), 121 (87), 98 (95), 77 (32), 55 (37).
2.2.2. N1,N3-bis((cyclohexylcarbamoyl)(4-
nitrophenyl)methyl)-2-cyclopentylidene-N1,N3-
diphenylmalonamide (8b)
Yield: 77%. M.p. = 143–145 C. IR (KBr, cm1): 3323, 1672,
1624. 1H NMR (400 MHz, CDCl3): d= 1.38–2.08 (m, 28H,
14CH2), 3.34 (m, 2H, CH–NH), 5.79 (s, 2H, CH–N),
7.11–7.20 (m, 14H, H–Ar), 8.00 (bd, 2H, J= 7.2 Hz, NH),
8.04 (d, 4H, J= 8.8, H–Ar). 13C NMR (100 MHz, CDCl3):
d= 167.8, 165.7, 146.7, 143.1, 138.3, 131.5, 130.8, 127.6,
127.3, 122.9, 62.9, 48.0, 32.0, 31.9, 25.0, 24.5, 24.3. MS: m/z
(%) = 604 (1), 578 (1), 420 (2), 388 (8), 362 (6), 253 (5), 227
(100), 181 (37), 152 (9), 121 (25), 83 (18), 77 (20), 55 (31), 41 (24).
2.2.3. N1,N3-bis((cyclohexylcarbamoyl)(4-
nitrophenyl)methyl)-N1,N3-bis(4-chlorophenyl)-2-
cyclopentylidenemalonamide (8c)
Yield: 81%. M.p. = 176–179 C. IR (KBr, cm1): 3420, 1686,
1634. 1H NMR (400 MHz, CDCl3): d= 1.12–2.19 (m, 28H,
14CH2), 3.87 (m, 2H, CH–NH), 5.80 (s, 2H, CH–N), 6.03
(bs, 2H, NH), 7.13 (d, 4H, J= 7.6 Hz, H–Ar), 7.14–7.33 (m,
4H, H–Ar), 7.34 (d, 4H, J= 8.0 Hz, H–Ar), 8.09 (d, 4H,
J= 8.8 Hz, H–Ar). 13C NMR (100 MHz, CDCl3):
d= 167.5, 167.2, 152.7, 147.6, 141.4, 137.2, 134.0, 131.0,
128.6, 123.5, 64.9, 49.2, 32.8, 32.7, 25.4, 24.8, 24.7. MS: m/z
(%) = 784 (1), 422 (6), 387 (9), 261 (100), 245 (16), 215 (45),
180 (11), 152 (11), 111 (9), 83 (12), 55 (24).is of novel tetraamides via 2-cyclopentylidenemalonic acid based Ugi-four com-
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Scheme 1 Synthesis of dibasic acid 4.
One-pot synthesis of novel tetraamides 32.2.4. N1,N3-bis((cyclohexylcarbamoyl)(3-
nitrophenyl)methyl)-N1,N3-bis(4-chlorophenyl)-2-
cyclopentylidenemalonamide (8d)
Yield: 71%. M.p. = 180 C (dec). IR (KBr, cm1): 3429, 1664,
1643. 1H NMR (400 MHz, CDCl3): d= 1.03–2.20 (m, 28H,
14CH2), 3.81 (m, 2H, CH–NH), 5.67 (s, 2H, CH–N), 6.32
(bd, 2H, J= 8.0 Hz, NH), 6.57 (d, 4H, J= 8.8 Hz, H–Ar),
7.17 (d, 4H, J= 8.8 Hz, H–Ar), 7.61 (t, 2H, J= 8.0 Hz,
H–Ar), 7.81 (d, 2H, J= 8.0 Hz, H–Ar), 8.24 (dd, 2H,
J= 8.0, 1.2 Hz, H–Ar), 8.33 (t, J= 1.2, 2H, H–Ar). 13C
NMR (100 MHz, CDCl3): d= 169.6, 168.3, 144.3, 135.6,
133.5, 130.3, 129.3, 123.8, 122.0, 118.3, 115.1, 63.2, 48.6,
32.9, 32.7, 25.3, 24.8, 24.6. MS: m/z (%) = 774 (1), 660 (2),
582 (4), 4201 (13), 387 (11), 374 (5), 261 (72), 244 (18), 214
(13), 152 (19), 121 (32), 83 (24), 77 (24), 55 (100), 41 (20).
2.2.5. N1,N3-bis((tert-butylcarbamoyl)(4-
chlorophenyl)methyl)-N1,N3-bis(4-chlorophenyl)-2-
cyclopentylmalonamide (8e)
Yield: 72%. M.p. = 140–144 C. IR (KBr, cm1): 3423, 1688,
1632. 1H NMR (400 MHz, CDCl3): d= 1.33 (s, 18H, 2t-but),
1.33–1.61 (m, 4H, 2CH2), 2.26 (m, 4H, 2CH2), 5.56 (s, 2H,
CH–N), 7.01–7.13 (m, 14H, H–Ar and NH), 7.21 (d, 4H,
J= 8.4 Hz, H–Ar). 13C NMR (100 MHz, CDCl3):
d= 168.5, 167.9, 1378, 134.8, 133.8, 132.8, 131.9, 131.6,
128.7, 128.3, 64.9, 51.8, 33.2, 28.6, 25.6. MS: m/z (%) = 764
(1), 737 (5), 664 (4), 486 (9), 412 (100), 387 (17), 350 (15),
250 (77), 196 (20), 140 (41), 111 (12), 77 (5), 57 (78), 41 (22).
2.2.6. N1,N3-bis((tert-butylcarbamoyl)(4-
methoxyphenyl)methyl)-N1,N3-bis(4-chlorophenyl)-2-
cyclopentylmalonamide (8f)
Yield: 75%. M.p. = 166–169 C. IR (KBr, cm1): 3427, 1692,
1660. 1H NMR (400 MHz, CDCl3): d= 1.31 (s, 18H, 2t-but),
1.38–1.58 (m, 4H, 2CH2), 2.32 (m, 4H, 2CH2), 3.80 (s, 6H,
2OMe), 5.49 (s, 2H, CH–N), 6.73 (d, 4H, J= 8.4 Hz,
H–Ar), 6.92–7.11 (m, 14H, H–Ar and NH). 13C NMR
(100 MHz, CDCl3): d= 168.9, 167.1, 159.6, 133.4, 132.3,
131.7, 128.0, 113.7, 64.7, 55.2, 51.5, 33.3, 28.7, 25.8. MS: m/z
(%) = 740 (2), 604 (4), 490 (11), 374 (7), 220 (19), 148 (23),
121 (32), 109 (6), 77 (10), 57 (100), 41 (27).COOHHOOC
+ 2Ar1CHO + 2Ar2NH2+
4 5 76
2R-N
Scheme 2 Synthesis o
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N1,N3-bis(4-chlorophenyl)-2-cyclopentylidenemalonamide (8g)
Yield: 70%. M.p. = 178–180 C. IR (KBr, cm1): 3416, 1691,
1650. 1H NMR (400 MHz, CDCl3): d= 1.31 (s, 18H, 2t-but),
1.31–1.46 (m, 4H, 2CH2), 2.24 (m, 4H, 2CH2), 5.60 (s, 1H,
CH–N), 6.30 (s, 1H, NH), 7.09–7.40 (m, 16H, H–Ar), 7.90
(m, 4H, H–Ar). 13C NMR (100 MHz, CDCl3): d= 167.6,
167.1, 137.5, 133.4, 132.8, 131.7, 131.4, 129.4, 128.8, 124.7,
61.3, 52.4, 32.6, 29.3, 26.0. MS: m/z (%) = 784 (1), 622 (6),
496 (4), 423 (100), 388 (8), 261 (67), 244 (38), 214 (13), 181
(8), 152 (18), 135 (73), 107 (29), 77 (19), 57 (100), 41 (28).
2.2.8. N1,N3-bis((tert-butylcarbamoyl)(4-nitrophenyl)methyl)-
N1,N3-bis(4-chlorophenyl)-2-cyclopentylmalonamide (8h)
Yield: 87%. M.p. = 191–194 C. IR (KBr, cm1): 3418, 1691,
1650. 1H NMR (400 MHz, CDCl3): d= 1.38 (s, 18H, 2t-but),
1.38–1.66 (m, 4H, 2CH2), 2.14 (m, 4H, 2CH2), 5.80 (s, 1H,
CH–N), 7.16–7.34 (m, 16H, H–Ar and NH), 8.10 (d, 4H,
J= 8.0 Hz, H–Ar). 13C NMR (100 MHz, CDCl3):
d= 167.7, 167.5, 147.1, 143.7, 141.8, 137.8, 134.5, 131.2,
130.1, 128.4, 123.5, 65.7, 51.8, 33.6, 28.6, 25.4. MS: m/z
(%) = 785 (1), 758 (2), 604 (5), 578 (5), 497 (4), 423 (74),
398 (23), 361 (22), 261 (100), 244 (22), 215 (48), 180 (11), 152
(18), 135 (31), 107 (14), 77 (12), 57 (83), 41 (29).
3. Results and discussion
Alkylidene Meldrum’s acids have been reported to be reason-
ably good Michael acceptors [28,29] as well as highly reactive
dienophiles in Diels–Alder reactions. In the ﬁrst step of tetra-
amide synthesis, cyclopentylidene Meldrum’s acid 3 (5-cyclo
pentylidene-2,2-dimethyl-1,3-dioxane-4,6-dione) was obtained
from the condensation reaction of cyclopentanone 1 with
Meldrum’s acid. In the second step the Knoevenagel product
3 was stirred with concentrated sulfuric acid for the prepara-
tion of dibasic acid 4 at room temperature [30] (Scheme 1).
In the ﬁnal step, to design a one-pot Ugi-4CR reaction
including formation of a-amido carboxamide from the
reaction of a carboxylic acid, an isocyanide and an imine,
which is normally formed in situ from an aldehyde or ketone
and an amine, our group has been involved in the application
of this reaction to the synthesis of symmetrical tetraamide by
dibasic acid 4 instead of monocarboxylic acid (Scheme 2).
We found that the four component reaction of ben-
zaldehyde, aniline, cyclohexyl isocyanide and dibasic acid 4
in the absence of any catalyst at room temperature in methanol
for 24 h afforded N1,N3-bis((cyclohexylcarbamoyl)(phenyl)me
thyl)-2-cyclopentylidene-N1,N3-diphenylmalonamide as a new
tetraamide in good to excellent yield.NN
OO
Ar2Ar2
H
N
H
N
OO
Ar1Ar1
RR
8a-h
C
f tetraamides 8a–h.
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Table 1 Synthesis of new tetraamides 8a–h through Ugi-4CR.a
Entry Aldehyde Amine Isocyanide Ugi product Yield (%)
1
CHO
OCH3
NH2 NC
N N
H
N
OO
OO
H
N
8a
OCH3 OCH3
69
2
CHO
NO2
NH2 NC
N N
H
N
OO
OO
H
N
NO2 NO2
8b
77
3
CHO
NO2
NH2
Cl
NC
N N
H
N
OO
OO
H
N
NO2 NO2
Cl Cl8c
81
4
CHO
NO2
NH2
Cl
NC
N N
H
N
OO
OO
H
N
Cl Cl
NO2O2N
8d
71
5
CHO
Cl
NH2
Cl
CN
N N
H
N
OO
OO
H
N
Cl Cl
Cl Cl
8e
72
6
CHO
OCH3
NH2
Cl
CN
N N
H
N
OO
OO
H
N
Cl Cl
OCH3 OCH3
8f
75
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Table 1 (continued)
Entry Aldehyde Amine Isocyanide Ugi product Yield (%)
7
CHO
NO2
NH2
Cl
CN
N N
H
N
OO
OO
H
N
Cl Cl
O2N NO2
8g
70
8
CHO
NO2
NH2
Cl
CN
N N
H
N
OO
OO
H
N
NO2 NO2
Cl Cl
8h
87
a 2-Cyclopentylidenemalonic acid was used as dibasic acid.
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Scheme 3 Proposed mechanism for the synthesis of tetraamide
derivatives 8a–h through Ugi-4CR.
One-pot synthesis of novel tetraamides 5Next, to expand the structural diversity accessible via the
developed approach, reactions with alternative aromatic
aldehydes and amines were investigated. It was found that
these conditions were compatible with a range of electron-
withdrawing and electron-donating substituents (Table 1).
The conditions were sufﬁciently mild to be tolerated by a
number of functionalities including nitro and methoxy groups.
Reaction with 4-nitrobenzaldehyde, 4-chloroaniline, t-butyli-
socyanide and dibasic acid led to the highest yield (87% yield,
Table 1, entry 8).
The structures of the products were deduced from their IR,
Mass, 1H NMR, and 13C NMR spectra (see Section 2). The
elucidation of the structure of 8 using IR, 1H and 13C NMR
spectroscopic data is discussed with 8b as an example. The
IR Spectrum of 8b exhibited absorption bands due to amide
carbonyls and oleﬁn groups at 1672 and 1624 cm1. The NHPlease cite this article in press as: T.S. Mokhtari et al., A convenient one-pot synthes
ponent reaction, Journal of Saudi Chemical Society (2015), http://dx.doi.org/10.101absorption of the amide group was observed at 3323 cm1.
In the 1H NMR spectrum of 8b was observed a doublet
(d= 8.04) for the 4H of the aryl group, a broad doublet
(d= 8.01) for the NH group, a multiplet for the aryl groups
(d= 7.11–7.20), a sharp singlet for the methine group
(d= 5.79), the NH-CH resonance (d= 3.34) and the multiple
signals for the cyclohexyl and cyclopentyl rings (d= 1.38–
2.08). The 13C NMR spectrum of 8b consisted of the signals
at 167.8 and 167.7 ppm for the carbonyl groups of amides,
the signals at 146.7, 143.1, 138.3, 131.4, 130.8, 127.6, 127.3
and 122.9 ppm for the carbon atoms of the aryl and oleﬁn sys-
tems, the signals at 62.9, 48.0, 32.0, 31.9, 25.0, 24.5 and 24.4
for the aliphatic carbons.
According to the commonly accepted Ugi-4CR proposed
mechanism, it seems that amine, the carbonyl compound and
the acid are in equilibrium with the iminium carboxylate 9 in
the reaction medium. The a-addition of the iminium carboxy-
late onto the carbenoid carbon of the isocyanide leads to the
formation of the primary four-component adduct 10, which
undergoes an intramolecular acylation known as Mumm rear-
rangement to give the stable Ugi adduct 8 (Scheme 3).
4. Conclusions
In conclusion, we have developed a convenient and simple
method for the synthesis of novel tetraamides based on Ugi
4C reaction. Simplicity of the synthetic protocol and availabil-
ity of diverse starting materials make it an attractive strategy
for obtaining new pseudopeptides via combinatorial tech-
niques. Investigations of biological activity of these com-
pounds are still in progress.
Acknowledgments
The authors express appreciation to the Islamic Azad
University (Kerman Branch), University of Yazd and Shahidis of novel tetraamides via 2-cyclopentylidenemalonic acid based Ugi-four com-
6/j.jscs.2015.07.008
6 T.S. Mokhtari et al.Bahonar University of Kerman for supporting this
investigation.
References
[1] L. Martino, L. Basilissi, H. Farina, M.A. Ortenzi, E. Zini, G.
Silvestro, M. Scandol, Bio-based polyamide 11: synthesis,
rheology and solid-state properties of star structures, Eur.
Polymer J. 59 (2014) 69–77.
[2] C.A. Montalbetti, V. Falque, Amide bond formation and
peptide coupling, Tetrahedron 61 (2005) 10827–10852.
[3] Z. Wang, S. Wei, C. Wang, J. Sun, Enantioselective
hydrosilylation of ketimines catalyzed by Lewis basic C2-
symmetric chiral tetraamide, Tetrahedron Asymmetry 18
(2007) 705–709.
[4] M.H. Sarvari, H.J. Sharghi, ZnO as a new catalyst for N-
formylation of amines under solvent-free conditions, J. Org.
Chem. 71 (2006) 6652–6654.
[5] M. Colombo, S. Bossolo, A. Aramini, Phosphorus trichloride-
mediated and microwave-assisted synthesis of a small collection
of amides bearing strong electron-withdrawing group
substituted anilines, J. Comb. Chem. 11 (2009) 335–337.
[6] J.C. Sheehan, G.P. Hess, A new method of forming peptide
bonds, J. Am. Chem. Soc. 77 (1955) 1067–1068.
[7] E. Valeur, M. Bradley, Amide bond formation: beyond the myth
of coupling reagents, Chem. Soc. Rev. 38 (2009) 606–631.
[8] D. Gnanamgari, R.H. Crabtree, Terpyridine ruthenium-
catalyzed one-pot conversion of aldehydes into amides,
Organometallics 28 (2009) 922–924.
[9] J.J. Ritter, P.P. Minieri, A new reaction of nitriles. I. Amides
from alkenes and mononitriles1, J. Am. Chem. Soc. 70 (1948)
4045–4048.
[10] R.G. Kalkhambkar, S.N. Waters, K.K. Laali, R1, R2, R3 = H,
aryl or alkyl R4 = ethyl, methyl or benzyl, Tetrahedron Lett. 52
(2011) 867–872.
[11] F. Macleod, S. Lang, J.A. Murphy, The 2-(2-
Azidoethyl)cycloalkanone strategy for bridged amides and
medium-sized cyclic amine derivatives in the Aube´–Schmidt
reaction, Synlett (2010) 529–534.
[12] I. Ugi, The a-addition of immonium ions and anions to
isonitriles accompanied by secondary reactions, Angew. Chem.
Int. Ed. Engl. 1 (1962) 8–21.
[13] A. Domling, I. Ugi, Multicomponent reactions with isocyanides,
Angew. Chem. Int. Ed. 39 (2000) 3168–3210.
[14] S. Santra, P.R.J. Andreana, A rapid one-pot microwave-
inﬂuenced synthesis of spiro-2,5-diketopiperazines via a
cascade Ugi/6-exo-trig aza-Michael reaction, J. Org. Chem. 76
(2011) 2261–2264.
[15] J. Pitlik, C.A. Townsend, Solution-phase synthesis of a
combinatorial monocyclic b-lactam library: potential protease
inhibitors, Bioorg. Med. Chem. Lett. 7 (1997) 3129–3134.
[16] I. Ugi, Recent progress in the chemistry of multicomponent
reactions, Pure Appl. Chem. 73 (2001) 187.Please cite this article in press as: T.S. Mokhtari et al., A convenient one-pot synthes
ponent reaction, Journal of Saudi Chemical Society (2015), http://dx.doi.org/10.10[17] C. Hulme, M.P. Cherrie, Novel applications of ethyl glyoxalate
with the Ugi MCR, Tetrahedron Lett. 40 (1999) 5295–5299.
[18] T. Nixey, M. Kelly, K. Hulme, The one-pot solution phase
preparation of fused tetrazole–ketopiperazines, Tetrahedron
Lett. 41 (2000) 8729–8733.
[19] C. Hulme, M.M. Moeeissette, F.A. Volz, C.J. Burns, The
solution phase synthesis of diketopiperazine libraries via the Ugi
reaction, Tetrahedron Lett. 39 (1998) 1113–1116.
[20] S.J. Park, G. Keum, S.B. Kang, H.Y. Koh, D.H. Lee, Y. Kim, A
facile synthesis of N-carbamoylmethyl-a-aminobutyrolactones
by the Ugi multicomponent condensation reaction, Tetrahedron
Lett. 39 (1998) 7109–7112.
[21] A. Domling, J. Zhu, H. Bienayme´, The Discovery of New
Isocyanide-based Multicomponent Reactions, Wiley-VCH,
Weinheim, 2005, 76–95.
[22] L.F. Tietze, G. Brasche, K.M. Gericke, Multicomponent
Reactions, Domino Reactions in Organic Synthesis, Wiley-
VCH, Weinheim, 2006, 542–565.
[23] M. Bararjanian, S. Hosseinzadeh, S. Balalaie, H.R. Bijanzadeh,
E. Wolf, Palladium-catalyzed stereoselective synthesis of 3-
(aminomethylene)-oxindoles, Tetrahedron Lett. 52 (2011) 3329–
3332.
[24] E. Soleimani, M. Zainali, N. Ghasemi, B. Notash, Isocyanide-
based multicomponent reactions: synthesis of 2-(1-
(alkylcarbamoyl)-2,2-dicyanoethyl)-N-alkylbenzamide and 1,7-
diazaspiro[4,4]nonane-2,4-dione derivatives, Tetrahedron 69
(2013) 9832–9838.
[25] J.S. Welsch, C. Kalinski, M. Umkehrer, G. Ross, J. Kolb, C.
Burdack, A. Wessjohann, Palladium and copper catalyzed
cyclizations of hydrazine derived Ugi products: facile synthesis
of substituted indazolones and hydroxytriazaﬂuorendiones,
Tetrahedron Lett. 53 (2012) 2298–2301.
[26] S. Balalaie, M.A. Bigdeli, E. Sheikhhosseini, A. Habibi, H. Piri
Moghaddam, M. Naderi, Efﬁcient synthesis of novel coumarin-
3-carboxamides (=2-oxo-2H-1-benzopyran-3-carboxamides)
containing lipophilic spacers, Helv. Chim. Acta 95 (2012) 528–
535.
[27] E. Sheikhhosseini, S. Balalaie, M.A. Bigdeli, A. Habibi, H. Piri
Moghaddam, Efﬁcient synthesis of novel 3-substituted
coumarin-3-carboxamide, J. Korean Chem. Soc. 58 (2014)
186–192.
[28] A. Habibi, E. Sheikhhosseini, A. Shockravi, Synthesis of novel
furo-pyran derivatives via reaction between an isocyanide and
alkylidene-substituted Meldrum’s acid, Tetrahedron Lett. 50
(2009) 1075–1078.
[29] A. Habibi, E. Sheikhhosseini, N. Taghipor, A simple and
efﬁcient approach to the synthesis of furopyran derivatives:
four-component reaction of isocyanides with arylidene-
substituted Meldrum’s acid, Chem. Heterocycl. Compd. 49 (7)
(2013) 968–973.
[30] E. Campigne, J.C. Backman, A new synthesis of a-carboxy-c-
lactones and a-methylene-c-lactones, Synthesis (1978) 385–388.is of novel tetraamides via 2-cyclopentylidenemalonic acid based Ugi-four com-
16/j.jscs.2015.07.008
